Quality problem. The gap between evidence-based guidelines and practice of care is reflected, in low-and middle-income countries, by high rates of maternal and child mortality and limited effectiveness of large-scale programing to decrease those rates.
births [2, 10, 11] , while the mortality rates in neonates, infants and children under-five are estimated at 30, 50 and 80 deaths per 1000 live births, respectively [10] . In 2008, the top three causes of under-five mortality were malaria (33%), neonatal conditions (29%) and pneumonia (15%) [12] .
Initial assessment
The national maternal, newborn and child health (MNCH) program of the Ministry of Health spans promotive, preventive and curative care. Although this program was operational nationwide, implementation was highly variable at the district level. This was due to health system challenges, including leadership, management, use of local data for decision making and patient-centeredness and community challenges that were primarily sociocultural, geographic and financial barriers to accessing health care. The financial constraint was substantially reduced in July 2008, when national health insurance was provided free of charge for maternity and early infant care.
Choice of solution
In July 2008, the Institute for Healthcare Improvement (IHI), the National Catholic Health Service (NCHS) and the Ghana Health Service (GHS) partnered to establish 'Project Fives Alive!'. GHS provides about 70% of health care in the public sector, whereas NCHS provides about 25%; both are service delivery agencies of the Ministry of Health. IHI is a US-based non-governmental organization that uses quality improvement (QI) methods to improve health outcomes. The project sought to test the effectiveness of QI as a means of accelerating the achievement of MDG 4 through broad and reliable implementation of the national MNCH program, not to test the effectiveness of the specific interventions themselves. The QI methods used in this project are based on the model for improvement (MFI) [13] and the IHI improvement collaborative model [14] . The MFI requires the development of clear and ambitious aims that are shared within a given system, transparent and frequent monitoring of data to determine the effect of changes to the system and ideas for improvement followed by a plan-do-study-act (PDSA) cycle for testing, learning and continuous improvement [13] . The improvement collaborative model brings together health staff from different facilities who share and learn from each other to accelerate improvement across the network. We also designed a scale-up strategy that promoted the rapid spread of locally tested effective innovations and developed local QI capacity at all levels of the health system to promote local ownership and sustainability at large scale ( Fig. 1 and Table 1 ). To further promote sustainability, we relied on GHS's routine health information system (RHIS) for project monitoring data and minimized the introduction of new indicators; this necessitated a separate QI collaborative for data quality, which included the health information officers in the hospitals and the district and regional health offices.
Implementation
Each health facility in the network formed a 4-to 10-member multidisciplinary, locally selected QI team to lead their improvement work and to attend 2-to 3-day structured workshops ('learning sessions') every 4 -6 months. Although Figure 1 Sequential scale-up of QI initiative in Ghana QI teams were given time to meet and discuss QI at their facilities and attend the workshops, they were not provided additional compensation. The project covered the cost of transport, board and lodging associated with workshops. In health centers, the QI team was typically led by a midwife, whereas in hospitals, it was typically a doctor.
At learning sessions, project facilitators used the MFI [13] to help health staff to identify process failures or implementation gaps in their facility and/or catchment area, and the reasons for these challenges, and to develop and plan the testing of specific changes that they believed were likely to lead to improvement using existing resources to the extent possible. The project provided training in facilitation and QI methods for two members of each district health management team (DHMT) and regional health management team (RHMT) ('change agents'). Change agents-typically public health nurses, disease control officers and health information officers-were selected by the DHMT or RHMT for skills (facilitation, data) and attributes (willingness to learn, innovate and adapt and credibility and respect for frontline providers).
In between learning sessions, project facilitators accompanied change agents in visiting QI teams to assist in developing, testing and evaluating the ideas generated in the learning sessions and to reinforce key QI concepts. The interval between site visits varied from 4 to 12 weeks, depending on the pace of improvement demonstrated by the QI team and the rate of learning by the change agents. As the change agents developed more competence in QI, they conducted site visits every 4-6 weeks independent of the project staff, ideally integrated into other district field supervisory activities. In between site visits, the project facilitators and the change agents provided additional technical support as needed to the QI teams by telephone.
The project facilitators initially received an intensive 2-day introduction to QI methods in a classroom setting, followed by 3 -6 weeks of real-time coaching and mentoring during site visits. They subsequently enrolled in a formal QI professional development program from IHI, which included three sets of 4-day workshops in Ghana spread over 10 months, with monthly telephone conference calls for shared learning and coaching on a specific improvement initiative, which was a subset of their project work. All the facilitators had a minimum of a masters' degree; their prior experience varied across public health, health services administration and health information systems.
Leadership engagement of the GHS and NCHS was a key implementation strategy. We sought guidance on the design, implementation and monitoring at national, regional and district/diocesan levels throughout. The selection of the initial districts and dioceses for Phase 1 was made jointly by all three institutions. For Phase 2, NCHS and GHS signed a memorandum of understanding to clearly outline roles and Throughout the project, we continued to build and maintain interest and support at multiple levels. We provided regular feedback sessions with the frontline providers and their managers after each round of coaching visits and learning sessions. We disseminated the project results at GHS's performance review meetings at district, regional and national levels, and at national and international conferences. In Phase 3, the NCHS's management meetings and annual conferences served as the main venues for building will with the leadership and the frontline. Finally, the QI work was summarized into technical reports and newsletters and circulated to all stakeholders in print or electronic media two to three times a year.
We collected three types of data: project implementation indicators, change ideas that were evaluated for inclusion in the change package (Table 1 ) and health process and outcome indicators ( Table 2) . In Phase 1, we reconstructed data from the paper-based clinical registers at each facility every month. In Phase 2, we extracted most of the data from the summaries submitted to the RHIS, whereas in Phase 3, the process data were reconstructed from clinical registers. A few new indicators were developed either from existing measures in the clinical registers or de novo (e.g. interval between identification of a sick child and initiation of definitive treatment). QI teams also collected context-specific indicators based on the change ideas they were testing (e.g. monthly number of telephone calls to the midwife from women in labor). In addition, we collected data from GHS's community-based surveillance volunteer data that report community births, deaths and notifiable diseases to the health centers each month.
All project implementation process, health process and health outcome data were assessed by time series analysis [15, 16] . The health process and outcome data were analyzed by health facility, district and region. We aggregated the data from facilities testing the same change idea, applied run chart rules [17] to define trends toward improvement [17] . These include six or more consecutive points above or below the median, five or more consecutive points increasing or decreasing. Qualitative data documented by the QI teams and the project staff were used to establish the exact nature of the change, when it was initiated or modified and when it was terminated.
Ethics
No institutional review board approval was required for this work, as the implementation and monitoring of the QI interventions were considered part of the established and ongoing national MNCH program that is based on existing policies of the Ghanaian Ministry of Health. Our evaluation used routinely collected deidentified aggregate data of process performance and outcomes.
Evaluation
Using Thomas W. Nolan's 'will-ideas-execution' framework for achieving system-wide improvement [18] , we evaluated the project in three areas: (i) endorsement and local ownership by health system leaders and independent undertaking of QI work ('will'), (ii) generation of 'ideas' to promote improvements in processes and outcomes and (iii) effectiveness of the 'execution' of the project design. An external independent evaluation of the effectiveness and cost-effectiveness of the QI intervention in improving processes of care and outcomes will be reported at a later date.
Will building
During Phase 2, all learning sessions were convened by the RHMT and were co-facilitated by the project staff and the change agents, and all site visits by project staff were conducted in conjunction with the district change agents. However, not all change agents' site visits that were supposed to be independent of the project staff were undertaken, due to a variety of competing demands and logistic challenges. At the halfway point in Phase 2, QI content was routinely integrated into regional health review meetings but was variable at the district level depending on the prioritization placed on QI by the DHMT. For the data QI initiative, as of December 2011, 26 out of 38 (68%) districts were actively involved. Again, the non-participation of the other 12 districts was due primarily to insufficient prioritization by the DHMT.
For Phases 3a and 3b, local ownership and progress toward sustainability have been variable, depending mostly on the engagement of the hospital management teams and rapid turnover of QI team members. The change agent model was slow to be implemented in the NCHS system because of lower staffing levels of the diocesan health office versus the district office. However leadership engagement of QI was boosted when NCHS developed a plan to use QI as the primary mechanism for transforming the performance of the organization beyond its involvement in the project; this plan is currently being implemented.
Development of change ideas
We used a 'driver diagram' (Fig. 2) to anchor the development of the change ideas to be tested, adapted or implemented in the project. We assembled the primary drivers--the underlying causes of under-five mortality --in the rural Ghanaian context, each of which became a focal point for the development of change ideas to be tested. This driver diagram was initially based on the available published data and the findings of the contextual assessment conducted in Phase 0. It underwent significant iterative changes during subsequent phases of the project, as the QI teams verified the relevance of the drivers and the associated change ideas.
By the end of Phase 1, the 27 QI teams had tested specific change ideas 104 times using the PDSA cycle. By month 12 , there was sufficient evidence of improvements (using run chart rules [17] ) in antenatal, perinatal and postnatal care processes to develop the first 'change package' (Table 3) . This 'change package,' which was focused on primary care, was promoted to Phase 1 QI teams and new QI teams in Phase 2. These teams were encouraged to adopt or adapt changes from the change package according to how well the changes were suited to their local context. A similar process took place in Phase 3a: during the 18-month period, the 9 hospital QI teams tested 47 specific change ideas that focused on early care seeking, prompt treatment and adherence to clinical protocols. Eleven of these ideas led to improvements as determined by run chart rules [17] and, thus, were summarized into our second change package (Table 4) , which was more focused on hospital-based care. This package was promoted to the remaining 20 NCHS hospitals in the South (Phase 3B) and all the 36 hospitals in Phase 2 that were already using the first change package.
Execution according to the project design
The timing and length of the project phases were modified in response to local realities. Phase 0 was extended by 2 months to allow more time to engage stakeholders at all levels of the health system and to respond to their inputs. Phases 1 and 3a were extended by 6 months to allow sufficient time for QI teams to develop, test and reflect on new change ideas over time.
For Phase 1, to generate interest and establish a unified aim, the project launch was combined with the first learning session and included health staff from all three districts and a Catholic diocese. The three subsequent learning sessions were decentralized to the district level to enable greater participation by frontline providers, local ownership by the DHMT and reduced travel time for the health staff. The number and frequency of learning sessions, facility visits and ideas tested are provided in Table 5 . The mean number of site visits during this phase was 14.6 per QI team, with a mean interval of 4 weeks between visits (Table 5) .
To allow project staff to support sites scattered over a large area, Phase 2 was launched with staggered start times over an 8-month period. During this phase, the average frequency of site visits by the project staff was 5.5 per QI team (versus 14.6 in Phase 1), whereas the interval between site visits increased from 4 to 6 weeks. This reflected the decreased emphasis on innovation versus spread in Phase 2 when compared with Phase 1 and increasing QI skills of the district-based change agents. It also accommodated the limited capacity of the project officers to visit the greatly expanded number of facilities (29.8 QI teams per project officer in Phase 2 versus 13.5 in Phase 1) across difficult terrain and long distances. Two years after the launch of Phase 2, we had fully scaled up the QI intervention and the first change package to all 38 districts in the North. This represented a more than 10-fold increase in districts supported as compared to Phase 1 (Table 5) .
Phase 3a had four learning sessions, with a mean number of participants of 35 per session and a mean interval of 6 months between sessions, a mean number of 8.6 visits per QI team and a mean interval of 6 weeks between visits. The mean number of participants in the learning sessions increased from 35 to 47 (Table 5) in Phase 3b, due to the expansion of the team to include an hospital administrator to enable greater management support of the QI teams. During the first 6 months of Phase 3b, the intensity of visits decreased to 1.9 per QI team and the site visit interval increased to 9.5 weeks.
Lessons learned
We describe how we used QI methods to design, test and scale up improvements across a large part of Ghana, in a complex health system program aimed at improving health C C, Health center, clinic or health post; CHO, community health officer; CHPS, community-based health planning and services; H, hospital; IMCI, integrated management of childhood illness; TBA, traditional birth attendant. a A successful change idea was as a change in a process that led to a shift or a trend in a particular indicator as defined by run chart rules [17] .
outcomes in children under-five. In contrast to many projects in LMICs that get stuck at the pilot or demonstration stage and are never scaled up [7 -9] , we used a design that was flexible enough to adapt to local context, did not require substantial resources for scale-up and promoted sustainability by engaging local and regional leadership and capacitating leaders, managers and frontline staff to use QI methods. Our design addressed other scale-up challenges, including supervision, monitoring, evaluation and accountability--all of which are weaknesses of LMIC health systems [19] . The primary successes for the project so far include the breadth and depth of local stakeholder engagement, as evidenced by the uptake of data-driven assessment and decision making at multiple levels of the health system, wide adoption of a QI approach as a means to improve health system performance, widespread capacitation of leaders, managers and frontline providers in QI methods through longitudinal training, coaching and peer learning networks, generation of change packages to improve MNCH, which are relevant to a variety of local contexts, while adhering to an overall national program and the successful scale-up of the QI intervention to approximately 25% of the country's districts in 3 years.
The principal challenges to the project so far are similar to those encountered in other resource-constrained environments. In all three regions, the rollout of the project took significantly longer than expected. Most of these delays were due to difficulty in finding appropriate times to schedule workshops because of competing priorities with other programs. Delays also resulted from difficulty in recruiting project staff. The interval between learning sessions was also longer than planned due to similar scheduling challenges and delays in reporting from GHS to NCHS as agreed in the memorandum of understanding. In Phase 3, the project was delayed by health staff transfers or loss of staff returning to school for additional training, both of which necessitated duplication of QI training content during site visits and learning sessions. We also encountered challenges with data accuracy, completeness and timeliness that have been well documented in similar settings [20] . Finally, the transition of longitudinal QI coaching of the frontline providers from the project staff to the change agents is progressing more slowly than planned, due to lack of available change agents and, for existing change agents, competing priorities in the districts. A successful change idea was as a change in a process that led to a shift or a trend in a particular indicator as defined by run chart rules [17] .
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